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Abstract 

We establish a finite field- dependent BRS transformation that connects the Yang - 
Mills path-integrals with Faddeev-Popov effective actions for an arbitrary pair of gauges 
F and F'.We establish a result that relates an arbitrary Green's function [either a pri- 
mary one or one that of an operator ] in an arbitrary gauge F' to those in gauge F that 
are compatible to the ones in gauge F by its construction [in that the construction pre- 
serves expectation values of gauge-invariant observables] . We establish parallel results 
also for the planar gauge-Lorentz gauge connection. 



1 INTRODUCTION 

The importance of Standard Model [SM] calculations in particle Physics can- 
not be overestimated. The Standard Model calculations require the choice of a 
gauge. There are a variety of these which have been used in various different con- 
text. Some of these are the Lorentz-type gauges, axial-type gauges, light-cone 
gauge, planar gauges, radial gauges, nonlinear gauges , the R^-gauges, Coulomb 
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gauge etc. Different gauges have been found useful and convenient in different 
calculational context [1].A priori, we expect from gauge invariance,that the val- 
ues for physical observables calculated in different gauges are identical. Formal 
proofs of such equivalence for S-matrix elements has been given in a given class of 
gauges, say the Lorentz-type gauges with a variable gauge parameter A [2, 3]. Some 
isolated attempts to connect S-matrix elements in singular [rather than a class 
of them] gauges also have been done. For example, formal equivalence of S-matrix 
elements in the Coulomb and the Landau gauges [both singular gauges] has also 
been established [2, 4]. Similar formal attempts to connect the [singular] tempo- 
ral gauge with Feynman gauge in the canonical formalism has also been done 
[5,6]. It is important to note that, however, the Green's functions in the gauges 
such as the Coulomb [7], the axial,the planar and the light-cone [8,9] in the path 
integral formulation are ambiguous on account of the unphysical singularities 
in their propagators. Hence, it becomes important to know how to define the 
Green's functions in such gauges in such a manner that they are compatible to 
those in a well-defined covariant gauge such as the Lorentz gauge. A general 
procedure that connects Green's functions in the path integral formulation in 
two classes of gauges, say the Lorentz and the axial, has been lacking until re- 
cently. Such comparisons are important not just in a formal sense but also in 
practice. Precisely because of this, the proper treatment of the 1/rj.q type poles 
in axial and light-cone gauges (and also similar questions in the Coulomb gauge 
[7]) has occupied a lot of attention [8,9] and the criterion used for their validation 
has, in fact, been the comparison with the calculational results in the Lorentz 
gauges. Such comparative calculations, where possible [8,9 10]have to be done 
by brute force and have been done toO[g 4 ] generally; thus limiting the scope of 
their confirmation. At a time, a physically observable anomalous dimension was 
reported to differ in Lorentz and axial gauges [1]. Such questions motivate us to 
develop a general path integral formalism that can address all these questions in 
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a wide class of gauges in a single framework. In a purely Feynman diagrammatic 
approach, we ,of course, have the attempt of Cheng and Tsai [7]. 

Recently, we developed a general path integral formalism [11] for connecting pairs 
of Yang-Mills effective actions and applied it, in particular, to connecting the 
Lorentz and the axial type gauges[12,l].[In reference 11, we have also applied 
the procedure to connecting to the general BRS-anti-BRS invariant effective 
action of Baulieu and Thierry-Mieg] . Our formalism is based on the Finite 
Field-dependent BRS [FFBRS]transformations [11] that connect the two path- 
integrals. These transformations are of a [field-dependent] BRS-type [11] and are 
evaluated in a closed form and leave the vacuum expectation value of a gauge- 
invariant observable explicitly invariant [11,13] as one transforms from say, a 
Lorentz-type to an axial-type gauge. Our procedure, in fact, gives a way of 
defining carefully Green's functions in the axial-type gauges by a path-integral 
that explicitly takes care of the ill-defined nature of the propagator[14] and in 
a manner compatible with those in Lorentz gauges. We found an effective treat- 
ment of the axial propagator using this procedure[14,15] and applied this for- 
malism also to show the preservation of the Wilson loop in axial gauges [16]. To 
summarize, the output of the works [11-14] has been (i) an explicit closed field 
transformation in [A,c,c] space to connect the path-integrals in the two gauges 
that preserves gauge- invariant observables, (ii)A relation that allows one to cal- 
culate the Green's functions in axial gauges , compatible with those in Lorentz 
gauges by the very construction, (iii) way of dealing with axial poles that is com- 
patible with the Lorentz gauges. A simplified proof of (ii) above was also given 
using the BRS WT-identity [17]. 

Now that the above techniques have matured, we propose in this work to gener- 
alize our previous works in several directions in this one. In Section 3, we prove 
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the existence of the FFBRS transformation the connects Faddeev-Popov effec- 
tive actions [FPEA] with any two arbitrary gauge functions F and F'.This applies 
to all the gauges mentioned above in the first a paragraph [ expect the Planar 
gauge for which the action in not in the manifest FPEA form]. In section 4, we 
generalize the identity that connects the Green's functions in gauge F' to the 
Green's functions in the gauge F to the case of an arbitrary pair. In section 5, we 
develop the results for connecting Green's functions in planar gauges to those 
in Landau gauge. In section 6, we give a heuristic treatment that uses the re- 
sults of section 3 and which connects the vacuum expectation of gauge- invariant 
observable in planar gauges to those in Lorentz gauges. This result can also be 
verified by explicit calculations that run parallel to those in the section 3;and is 
not limited, however, by the heuristic treatment we have given for compactness. 



2 PRELIMINARY 

In this section, we shall review the results in earlier works [11-13] and introduce 
notations. We consider two arbitrary gauge fixing functions F[A] and F'[A] which 
could be nonlinear or non-covariant and an interpolating gauge function F M [A] = 
KF'[A] + (l-fi;)F[A]; 0< k < 1. The Faddeev-Popov effective action[FPEA] in each 
case is given by 

S eff = S + Sgf -^Sgh (2.1) 
with 

S s/ = -^/d 4 *i^[A] 2 (2.2a) 
and 

S gh = -Jd 4 x TM^PcP (2.2b) 
with 

M^=f^D^ [A] (2.3) 
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D a ^ [A]=S a % + g r^Al (2.3a) 

We denote the FPEA for the three cases F =F,F',F M by S eff , S ' eff and S M eff 
respectively.BRS transformations for the three effective actions are: 

(t>\ =0, +5 iBRS [(p}SA (2.4) 

with SiBRs[<f>} equal to D a/3 M c /3 ,-l/2 g / a/37 c /3 c 7 ,and F/X respectively for A,c and 
c.In the case of the mixed gauge condition, 5iBRs[4>] f° r c is K-dependent and in 
this case we show this explicitly by expressing (2.4) as 

<p\ =<f>i +$iBRs[(f>, k}5A= <pi +{5 liBRS [(f)} + K5 2iB Rs[(f>]}SA (2.4a) 

Following observations in [ll]and [12], we guess and later prove the field trans- 
formations that takes one from the gauge F to gauge F'.It is given by the finite 
field-dependent BRS transformation [FFBRS] 

<t>\ =0, +WMe [0] (2.5) 

where 6[0] has been constructed by the integration [11] of the infinitesimal 
field-dependent BRS [IFBRS] transformation 

f =<W0(«)]e'[0(«o] (2.6) 

(where 8iBRs[4>( K )] refers to the BRS variations of the gauge F) with the boundary condition 
0[/t=l]=0'and 0[k=O]=0 and is given in a closed form by [11] 

©[0] = 6'[0][exp{f[0]}-l]/f[0] (2.6a) 

and f is given by 

f=£i fg<W0] (2.6b) 

We wish to develop ,in this work, an FFBRS for connecting two arbitrary gauges F and 
F'.We shall show that in this case it is given by an FFBRS of the form (2.5) with O'[0(/t)] 
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given by 

9'0(«)] =ifd 4 y zfr(y) (FT[A(«)] -F' t[A(k)]) (2.7) 

The Jacobian for the IFBRS transformation is defined as 

D0[k=O] = D0[k]J(k) = D0[K+dK]J(/t+d/t) (2.8) 

The change in the Jacobian for the IFBRS of (2.6) is given by 

_I f dK=/ ^ E,(±)^l|„, (2.9) 

and is evaluated easily as 

-j£dK=-i/d 4 x{c(M-M')c - F']} (2.10) 

Further we define 

s^i^M^fi^+sM^M (2.ii) 

We then have, 

5 , 1 [0(/t),/€]=/d 4 a;{-^[/€ 2 F / [A(/ t )] 2 + 2k(1 - 

+k(k - 2)F[A(K)} 2 -Kc(K){M\k{K)} - M'[A(k)]}c(k)} (2.12) 
We introduce the following notation 

«f[0(«)]» K = / D0(«)f[0(«)] exp{ i 5 , e// M [0(«),«]} (2.13) 
In references [11] and [13]it was established that the expectation value of a gauge-invariant 

observable <<0[A(/t)]>> K is independent of k iff the Jacobian J(k) and the effective action 

S eff M [H K )M satisfy 

«l^+ dSl[ tK )M »-=° ( 2 - 14 ) 
In Section 3,we shall verify (2.14) for the IFBRS of (2.6). 



3 FFBRS TRANSFORMATIONS CONNECTING ANY 
PAIR [F,F'] OF GAUGES 

In the references [11,12] explicit field transformations of the FFBRS type that 
connected various pairs of equivalent effective actions for the Yang-Mills theory 
were constructed. In this work, we wish to give a result that generalizes it for 
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FPEA in a pair of arbitrary gauges F and F' that includes for example those 
mentioned at the beginning of the Introduction [except the planar one]. These 
field transformations are such that they preserve, by an explicit construction, 
the expectation values of gauge- invariant observables. 

Consider the expectation value of a gauge invariant observable 0[A] in the mixed 
gauge :Q 

«0[A]»« = / D0(k)O[A(k)] exp{ i S ef f M [^(k) ,k}} (3.1) 
where 0(«) represent fields as denned in (2.6);with the specific 6' given by (2.7). 
We show that 

£«0[A]» K =0 (3.2) 
As shown in [13], (3.2) is valid iff 

=/ D0(«){I^-i^^}O[A(«)]exp{ i W0(k),k]} (3.3) 
where we recall from (2.11) [noting the definitions below (2.3a)] 

=S eff M [<j ) (K),K}-S eff [<j ) (K)} (34) 

We verify the result (3.3) explicitly below. The proof proceeds much as in [11] and [12]and 
hence we shall give it briefly.The change in the Jacobian under the IFBRS of (2.6) 

=<W0(«)] ifd 4 y c?(y) (F"[A(k)] -F' 7[A(«)])d« (3.5) 
viz.j^dn is given by (2.10); viz 

i£ck=i/d 4 z {c(M-M')c +{F[F - F']} (3.6) 
Further, using the expression for Si[</>(k) ,k] of (2. 12), we find 
dSl ^ ) ' K] =^4j9 , + B ( 3 - 7 ) 
with 

^=/d 4 x =±{k 2 F'^(M'c)~< + k(1-k)F'^(Mc)^ + k(1-k)F^(M'c)^ + k(k-2)F^(Mc)^ 

+kF^(M - M') C ]7 + K J "d V 4 ^ (x) J £gg^ff 1 W v (*) (Dc)^ (y) } (3.7a) 

1 It is understood that like the Lorentz gauges, an appropriate 0(e) term [14,15] is necesary in (3.1) to 
make it well-defined. 
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and 

J3^=fd 4 x{^[KF' 2 + (1 - 2k)FF' + (k- 1)F 2 ]+ c[(M - M')c}} (3.7b) 
We note that the last term in ,^/Wanishes by Bose symmetry;and ^A^ can be reorganized 
further as, 

^=Jd 4 x =y{K[F' - F}[(1 - k)Mc + kM'c}} (3.7c) 
The [generalized] antighost equation of motion is given by 
=J D0(re)O[A(re)]exp{ i S eff M "[0(k), K]}f{A{K) ,c{k) ,k) 

• {M[A(k)](1 -k) + kM'[A{k)]}c{k) (3.8) 
where f[A,c,/«] is an arbitrary functional of A and c but not of c. 
Using (3.8) above, we can convert ^4^6' term as 
/ D0(k)O[A(k)] ^4j9'exp{ i S eff M [(f) (k),k]} 
=-J D0(«)O[A( K )]0'/d 4 xf [F> - Fp±^t= exp{ i 5 e// M [0( K ), K ]} 
=/d 4 x f « [F - F'] 2 0[A]» K (3.9) 
Using (3. 9), (3. 7b) and (3.6), we find 

<<ig+^M>>^0 (3.10) 
This implies [ ll,13]that <<O[0]>> K is independent of k. Hence, 
/ D0O[A] exp{ i S eff [<j>]}=J D0'O[A'] exp{ i S' eff W]} (3.11) 
Thus the FFBRS transformation of (2.5) takes one from gauge F to gauge F' in the sense 
already pointed out at the beginning of the section. Such transformations can be used in 
establishing a relation between Green's functions in the two gauges along the lines of [13,14] 
that correctly tackle the inherent problems in many of the gauges. 

4 A RELATION BETWEEN ARBITRARY GREEN'S 
FUNCTIONS IN TWO GAUGES 

In the work of reference [13], we had obtained a relation between arbitrary 
Green's functions in axial gauges and Green's functions in the Lorentz gauges and 
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the former were "compatible" with those in the well-defined Lorentz gauges. This 
arbitrary Green's function in axial gauges could be expressed either as [i] a 
series of Green's functions in Lorentz gauges that also involve insertions of the 
BRS variations in the Lorentz gauges OR [ii]as an integral over parameter k 
involving the Green's functions evaluated in the Mixed gauges. It was found 
from a practical view-point that the latter result is indeed more amenable to 
calculations. An axial Green's function, to a given order, can be evaluated by 
an integral over k of a sum of a finite number of Feynman diagrams in the mixed 
gauge. This form has been employed in obtaining an Axial gauge prescription 
compatible with the Lorentz gauges [15,14]. A simpler derivation , based on the 
BRS, was also given[17] for this latter result (only). In this section,we generalize, 
the procedure of the reference [17] to connecting arbitrary Green's functions in 
an arbitrary pair of gauges. We emphasize that our treatment in [17,13] applies 
equally well to operator Green's functions [needed say in perturbative QCD 
applications] as to the usual Green's functions. 

In this section,we shall show that the method of Ref.[17], based on BRS WT- 
identity, can be generalized to a any pair of two gauges F and F\ 

We define^], for any operator O[0], not necessarily local, 

«0[<f>]» K = / D0O[0]exp{ i S eff M [<P,K}} (4-1) 
[Note:Unlike in section 3 [see (3.1)], we do not now allow the integration variable to depend 
on K.This suits us here.] Then 

£«0[(j)}» K =i«Jd 4 x 0[(j)]{-{[F + k(F' - F)][F' - F]+c(M-M , )c» K (4.2) 

The WT-identities for S ef f M [<f>,k\ are 

<<Jd 4 x{J a fl {x)D af3 y+^(x)[-l/2gof al3 ~<c l3 c"<}(x) 

2 As pointed out in section 3, a proper e — term is required to be added to S e f f M [4>,k] to make <<0[<^]>>« 
well defined. This term depends on F,F' and has to be done seperately in each specific context. See e.g. the 
applications in section 5 to planar gauges and also in [14,15]. 
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-r(x)[ F+K( f- F) ]"(x)}» = (4.3) 
Recalling the definition (2.7) of 9';we operate by 

We then obtain, 

<<ldS{j;(x)D"V^e(^)[-l/29o/ aft ^c1W-(1x)[ f± f :£1 f(x)}(-i8') 
-i/d 4 a; (M-M')c(x) +i/d 4 a;[ F+K( f ~ F) ] a [F-F']°» =0 (4.5) 
Finally, we operate on both sides by -iO[-i^^j,— i-g^ > * 5|fy) ] anc ^ se ^ J = £ = £ = m ^ e 
end to obtain 

= JB<f) exp{ i S eff M {<PM}{-n^-V,c +^[-l/2^/^ c 7]+^[£±J^]-](-ie') 
+0[A,c,c]{/d 4 a;{c(M-M')c + F+K( f" F) [F - F']}} (4.6) 
Using (4.2 ) and (2.4a ) ; we obtain 
A«O[0]» K = i/D0 exp{ i S eff M {<PM} 

•{W[<MJ d A V <T(y) (F?[A] -F"r[A](y))^} (4.7) 
Integrating from k = to 1 we obtain 
<<0[(/>]>> F '= «0[4>]» F +i/ 1 dK D0 exp{ i 

•Ei(W]+«(fi&])(-ieo^ (4.8) 

This gives us the expression for the Green's function [which depending on the choice of 
O[0] could be a primary one or of an operator] in one gauge F' related to that in F ,with 
finite number of additional terms that can be evaluated by Feynman diagram techniques as 
mentioned in the beginning of this section. 



5 Planer Gauges 

Planar gauges have been found very useful in the perturbative QCD calculations 
on account of a simpler propagator structure [that avoids the double pole in (77. k)] 
and other attractive features [18]. Gauges similar to the planer gauges have also 
been used in the renormalization [19]of higher derivative gravity theories. 
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Planar gauges are denned by[] 



sP 9 f = -2k f d ' x ^ A d ^- A * ^VO ,A = 1. (5.1) 

and the accompanying ghost term 

S p g h =-/d 4 x c a d 2 r].Dc a (5-2) or equivalently 

S p gh =-Jd 4 x c na r].Dc a (5.3) 
with c" a denned as <9 2 c a .The net FPEA for the planar gauges, S p e //, has a BRi 
under 



6c =ffiA (5.4) 
and 5 A and 5c as in (2.4 ) 

We note the the gauge fixing term is not manifestly of the form of (2.2) viz. 

Jd 4 x F^[A] 2 .Hence,we cannot apply the results established in the last two 
sections directly to this case [].We can establish a route to connect this gauge to 
the Lorentz gauge as follows: 

S P 9/ "> S Z 9/ =-5^ / d 4 x d.A d 2 d.A ->S L gf (5.5a) 



or as, 



Ssf ~> S A 9/ ~>S\ f (5.5b) 

We shall call, for the sake of nomenclature,the gauge L the "pseudo-Lorentz" 
gauge. The formal connection between the pseudo-Lorentz and the Lorentz gauges 
as well as that between planar and the axial gauge can be established easily from 

the work of Lee and Zinn- Justin [2] itself. We note from [2], 

3 For mathematical rigor, we may replace d 2 by d 2 — ie in the equations (5.1), (5. 2) and (5.5) and in the 
definition of c" in (5.3). 

4 See, however, an alternate way presented in Section 6. 
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<<0[A]» / =/ D</> exp{ i S + iS£} 8 (r/.A a — f a )0[A] (5.6) 

a, x 

is independent of 'f for any gauge-invariant observable 0[A].Now, the vacuum 
expectation values of gauge- invariant observable 0[A] in the planar and the axial 
gauges are related to the above quantity <<0[A]>>/ by the relations: 

«0[A]» A =j Df exp{-^/ d 4 xF} «0[A]>> / (5.7) 

andF] 

«0[A]»p=^/ D f exp{-^/ d 4 xf 9 2 f}«0[A]» / (5.8) 

[Equation (5.8) is compensated by appropriate normalization factor -^relative 
to (5. 7)]. Therefore, in view of the f-independence of <<0[A]>>/, the two quan- 
tities above are equal: 

<<0[A]» A =<<0[A]» P (5.9) 

Thus, as for as the gauge- invariant observables are concerned, once the Lorentz 
-axial route is established, Lorentz-planar gauge connection also becomes avail- 
able. We shall establish this explicit connection later in section 6using the results 
of Sections 3. But first, we would like to derive a result similar to that in Sec- 
tion 4 for the the planar-Lorentz Green's functions connection applicable to the 
arbitrary Green's functions. We define 

W P [J,£,£] =^J D0 exp{ i S + iS£ - zi^f d 4 x 77. A d 2 r].A+ Source Terms} (5.10) 

As for the ghost term, we can use an identical one both for the planar and the axial gauges 
, obtained from (5.2) by a field redefinition as in (5.3). 

S£ =-/d 4 x c a r].Dc a (5.11) 

5 For mathematical rigor, we may replace d 2 by d 2 — ie ,as earlier, in the equation below and everywhere 
else necessary. 
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We now define, for the singular axial gauge (77. A Q — f a )=0, 

n 

W/ [J, = / D<p exp{ i S + iS£+ Source Terms} 5 (r].A a - f a ) (5.12) 

a, x 

We then have 

W P [J,e,^ =^/Dfexp{-^/d 4 xf9 2 f}W / [J,£,Z\ (5.13) 
W A [J,£,£] =/ Df exp{-^/ d*xP}W f [J,U\ (5.14) 
We already know how the Green's functions in Axial gauges are linked to those in Lorentz 

gauges[13,17].To relate the Green's functions in the planar gauge to those in Lorentz gauges, 

we proceed as follows: 

Consider the expectation value of an arbitrary operator O[0], possibly multi-local, in the 
Lorentz gauge, the singular axial gauge (77. A Q — f a )=0 and in the planar gauge: 
«0[<f>]» L =/D0O[0]exp{ i S eff L [<f>]+ eO L } (5.15) 
where eOl are the e-terms in the Lorentz gauges: 
eO L = J d 4 x [|A M A^ -Ec ] (5.16) 

«O[0]» / =/D0O[0]exp{i5'o[0]+iS^[0]+£O A (/)} U S ( V A<* - f<* ) (5-17) 

where eOj^f) terms are the appropriate 0[e] terms arrived at as in [14] that can depend 
on f;and 

«O[0]» P =/D0O[0]exp{ i S eff p [(j)]+ eO P } (5.18) 
From (5.18 ) and (5.17), 

«C#]»p =^J Df exp{-^/ d 4 xf dH}«0[<P]» f (5.19) 
[and the above relation in fact determines what eOp should be]. We note^ , 

ItTYl 

«O[0]» / = ' /D0O[0]exp{ i <? o [0]+iS£[0]-£ / d 4 x (r/.A-f) 2 + sO A (f, a)} 
a -> 

\%vn 

«0[(j)]»f, a (5.20) 

a -> 

Now, «0[(f)]>>f^ can be related to <<0[4>]>>l,,<j by the result (4. 8). We thus have, 
6 For mathematical rigor, we may replace a — > 1 _° ie , with e'> in what follows. We have 
^ed: J™ Q V^exp = S (x) . 
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<<O[0]>> /i(7 = «0[<f>]»L,<r 

+i^/ o 1 d«/D0 exp{iS + i S G M [<PM -£fd 4 x Ff[A] 2 +eO L } 

•Ei(^]+«(S&])(-ie;)^ (5.2i) 

Here, on account of the results in Section 4, we have 

Ff [A]=d.A{l -k) +K(rj.A-f) (5.22) 
and 

6; =ifd*yc*{y) (d.A^-7].A^+P) (5.23) 
5 G M [0,«]=-/ d 4 xc [M(l - k) + «M']c (5.24) 
We substitute (5.21) in (5.19) to obtain, 
Inn 

«O[0]» P = ' Df exp{-^/ f <9 2 f}{<<O[0]>> L ,, CT +i/ 1 d« JD(f> exp{iS + 

i -£ / d 4 * Ff [A] 2 +£O i |}E i (W]+«( ( Q0])(-ie' l )g (5.25) 

As <<O[0]>>L„ CT is independent of 'f and / Df exp{ — ^isJ d 4 xf <9 2 f} is absorbed in 
normalization, we arrive at 

Utti 

<<O[0]>> P = <<O[0]>> LjCT ^ + h 1 ^ I(<r,«)dK (5.26) 

• 

where 

l(a,n) = i^JBi exp{-^/dWf}/D0 exp{iSo+iS G M [0, K ]-£ /d 4 x [d.A(l - «) + 
k(iM - /)] 2 +eO L |}E,(W]+«(55>])(-ie;)^ (5.27) 
Now, we take the limit cr ^0 inside to obtain 

exp{-£/d 4 a;Ff[A] 2 }~ " 5{d.A(l - k) + k(t).A - /)} (5.28) 

a, x 

We further note that 

n n 

Dc 5{d.A(l- k)+k(t).A- f)}= dc a {x)5{d.A(l- k)+k(t).A- f)} 

n 

d s c^(x)5{9.i4(l/«-l) + (77.A-/)} 

CK, X 

n 

<J{9.A(l//c-l) + (77.i4-/)} (5.29) 

a, x 
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with s _c^=ck. We use this 5-function to simplify 

e; =i J d 4 y c^(y) {&..*,)/ k = tjd'y ^(y) (OA^/k 2 (5.30) 
and 

exp{-^2fd 4 xfd 2 f}->exp{-^zfd 4 x[d.A(l/K - 1) + r].A]d 2 [d.A(l/K - 1) + rj.A] 

=exp{i^ g/ (K)} (5.31) 
We further re-express Sg as 

S G M =-J d 4 x c [M(1/k-1)+M']c = J^ G M (5.32) 
Thus, we obtain the result that connects arbitrary Green's functions in planar gauges to 
those in Landau gauge: 

<<O[0]>> P =<<O[0]>> L>(T ^o+ 

ijfe/o f D^exp{iS +i^ G M [&«] +\S^,f(K) }+eO L } 

•E i (W]+K(4#])(-i© , 1 )^ (5-33) 
We may change the notation for the integration variable ^c^ — > c.Noting that 
Si(^ii[0]+^(^2i[0] does not depend on this variable, we can express this as 
«0[4>\»p =«O[<P]» landau +i^J 1 ^ JB(j> exp{i < 5j} / +e[iA M A''- i 
cc }m(SM+4&<t>})U d 4 y <T(y) (0.A7)]*^s*a (5.34) 
with 0j =A,c,/tc;and here 

^Jf, = S - 2^2/ d 4 x[9J(l/ft - 1) + ?/.A]a 2 [aA(l/K - 1) + Tj.A]-J d 4 x ^[M(l/«- 
1)+M']c (5.35) 

is the effective action for a mixed planar gauge but with a mixed gauge fixing function: 
[d.Ailj k—1)+T].A\ in both the gauge-fixing and the ghost term. We put O[0]=I, the identity 
operator, in (5.34) to obtain, 

<< I » P =« I »landau (5.36) 

We then obtain for the connected part <O[0]>p =<<O[0]>>p/<< I »p ,etc the final 
result[|: 

<O[0]> P =<O[0]>wan+i/ o 1 f W eMi^JffMl^- ice ]} 

7 We need not be alarmed by n 2 in the denominator : near k=0, the ghost propagator and the longitudinal 
gauge propagator yield enough factors of k. 
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•Ei(Su[<f>]+K(5 2i [<f)])U d*y (d.A-r)] 5 -^ 

= <O[0]> landau 

+i/o 1 ^<E,(M0]+^(M0])[/A^(y) (d^)\ 8 -^^>\\ mixed:Conn (5.37) 

We note here that in the last term, we have the connected Green's functions in the mixed 
gauge with the appropriate e-term. 



6 An Alternate and procedure for Planar Gauges 

In this section, we shall present an alternate ,though somewhat heuristic, pro- 
cedure that uses directly the familiar results of the section 3. This procedure 
applies directly to the vacuum expectation values of gauge-invariant observ- 
ables, if not for their arbitrary Green's functions. The conclusions drawn here 
are however easily directly verified by an algebra similar to that in Section 3; 
and without any need for the lack of rigor in the following derivation. We present 
the former way here. 

To use the results of section 3, we first establish an interpolating route. We 
define 

F M [A]=d.A(l -k) + ktj.A (6.1) 

Then with S M gf = J d 4 x F M [A]d 2 F M [A] (6.2) 
and 

S M gh = -Jd 4 xcd 2 [M{l-K) + KM']c (6.3) 
and the BRS transformation 

5c= {fM/\ri 2 } 5A (6.4) 

we have the interpolating route from the pseudo-Lorentz gauges (k = 0) to the planar 
gauges(/t = l).Now, for the purpose of treating the extra singularity introduced in the 
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propagator on account of the d 2 in (6.2), we interpret it as <9 2 -ie both there and in (6.3) [as 
pointed out earlier in (5.1)]. In the momentum space, we write the equation (6.2) as, 

S M ,/ = ^/d 4 A; F M [k][k 2 +ie] F M [k] 

= -±fd 4 k {^[k]^} 2 (6.5) 

where F M [k] is the Fourier transform of F M [A].We define 

F.T.{F M \k]y/^}=y/Z^F M [A]=F M [A] (6.6) 

We then have, 

S M af = -l x fFM[A} 2 d*x (6.7) 
and the ghost term as 
S M gh =-fd*xc V {[d 2 -ie m^D.c 

= -Jd 4 x^/{[d 2 -ie}r ] 2 }c^D,c (6.8) 
The last step is seen by going to the Fourier space and comparing the expressions. We 
now make a linear change of variables, leading to a constant Jacobian that can be ignored, 
c' = ^/{[d 2 -ie }r] 2 }c (6.9) 
Then 

S M gh = -jd 4 xc' s -^D,c (6.10) 

Now the system of gauge fixing term (6.7) and the ghost term (6.10) has been cast in 
the standard FP form. We can now apply the results of the Section 3 to interpolate between 
the planar and the pseudo-Lorentz gauges with 
9'[0] =-ifd 4 y c'T(y) [F m (k = 1)- F m (k = 0)p 
=-iJd 4 y c"*(y)y/^[r t .A-d.A\y 
= -i J d 4 yc*<(y)[d 2 -ie][ri.A-d.AY< (6.11) 
Thus, under the field transformation 

<P\ =0* +<W0]6 [0] (6.12) 
with 9 given in terms of 6'[0] of (6.11)through relation in section 2, relates the planar 
gauge to the pseudo-Lorentz gauge. Further as far as the expectation values of gauge- 
invariant observables are concerned, they have been shown to have the same value in the 
pseudo-Lorentz and the Lorentz gauges in Section 5. 
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Of course, as mentioned at the beginning of this of this section, the above heuristic argu- 
ment that allows one to make a direct use of the results of Section 3, can be avoided and 
we can, with additional labor, verify the result for the field transformation given by (6.12) 
directly from the Jacobian condition (2. 14) .We have in fact carried out this verification. 
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